Abstract: In the Indian subcontinent there is hardly any study that compares the bird community structure of urban/suburban areas with those of forest habitat. The present survey identified diverse assemblages of birds in the Pauri district at different elevations. A total of 125 bird species belonging to 40 families including two least count species (Lophura leucomelanos and Pucrasia marcolopha) were recorded during this survey in the forest and urbanized habitats of Pauri District (Garhwal Hiamalaya) of Uttarakhand state, India. The high elevation (Pauri 1600-2100 m a.s.l.), mid elevation (Srikot-Khanda 900-1300 m a.s.l.) and low elevation (Srinagar 500-900 m a.s.l.) contributed 88.8%, 63.2% and 58.4% of the total species respectively. Rarefaction analysis and Shannon diversity index showed that the high elevation forest habitat had highest bird species richness (BSR) and bird species diversity (BSD) followed by the mid and then the low elevation forests. BSR and BSD fluctuated across seasons at all elevations but not across habitat types. Present study provides a base line data about avian community composition in urbanized and natural habitats along altitudinal gradient in the study area. This information may be useful to the conservation biologists for the better management and conservation of the avifauna in the Western Himalaya, a part of one of the hot biodiversity spots of the world.
Introduction
Biodiversity has become a matter of worldwide concern in mega-biodiversity countries. India is one of the 12 mega-biodiversity countries (McNeely et al. 1990 ) that is well known for its rich flora and fauna especially in the Himalayan States (http://www.nbaindia.org/faq. htm). BirdLife International has identified four Endemic Bird Areas (EBAs) that overlap partially or fully with the Himalaya hotspot. Of the biodiversity components, birds are proven bio-indicators of environmental quality change and are ecologically and economically important (oldwww.wii.gov.in/envis/rain forest/ chapter12). But most of the information which is available so far about bird fauna of this area is based on checklist that dates about 23 years back (Ali & Ripely 1983) . Some recent studies have documented the bird communities of the Himalayan region, mostly in the Kumaon region (Price et al. 2003; Safiq et al. 1997; Sultana & Khan 1999 Sultana et al. 2007 ) and a few in the eastern region (Raman et al. 1998; Acharya 2008; Chettri et al. 2001 Chettri et al. , 2005 Acharya et al. 2011) . However, the middle part of Garhwal Himalaya including Pauri district remained mostly neglected from avian biodiversity study point of view, with the exception of few studies on population dynamics and behaviour ecology of some pheasants (Bisht et al. 1986 (Bisht et al. , 1990 . Thus there is a gap of knowledge about avian fauna in terms of richness, abundance and distribution in the study area.
Many studies have been conducted on the associations of particular bird species, with habitats along environmental gradients (e.g., Bond 1957; James 1971; Cody 1974; Able & Noon 1976; Smith 1977 ) and in habitats with either similar or contrasting physical characteristics (e.g., Maurer & Whitmore 1981; Sabo & Holmes 1983; Landers & Macmohan 1983; Adamik et al. 2003) . However, almost all these studies have been conducted in the temperate area. In the Indian subcontinent there is hardly any study that compares the bird community structure of urban/ suburban areas with those of forest habitat. Recent studies comparing bird communities across rural-urban gradient found that both, species richness and avian abundance peaked at moderate levels of urban development in temperate areas (Blair 1996 (Blair , 2001 Mckinney & Lockwood 2001 ) and the number of low-height nesting species and of species with multiple broods increased with urbanization (Blair 2004) . Several other studies have also demonstrated increase in avian diversity at intermediate levels of urban development (Nuorteva Avian diversity and richness in the Garhwal Himalaya 1971; Lancaster & Rees 1979; Jokimaki & Suhonen 1993) .
In light of the above, the present study was conducted to (a) compare the structure of avian communities in the forest and urbanized habitats along different sections of the altitudinal gradient; (b) know to what extent the communities are different between habitat types and along different sections of the altitudinal gradient in Pauri district, Uttarakhand, western Himalaya.
Methods

Study area
The present study was conducted in forest and urbanized habitats from the elevation of 500 m to 2100 m a.s.l. in three different areas of the Pauri district (Fig. 1) . The district Pauri Garhwal, as part of the Western Himalaya, represents a unique set of ecological characteristics over a complex landscape that incorporates forests, meadows, grasslands, marshes and rivers as well as wildlife and several other phytogeographically distinctive peculiarities. The occurrence of diverse topography and climatic factors has resulted in the remarkable biodiversity of the district (www://pauri.nic.in/land.htm). In general, the natural vegetation of the area includes dominance of Pinus roxburghii forest at lower altitudes to mixed conifer species like Quercus leucotrichophora and Pine mixed broadleaf forests Cedrus deodara and Cupressus torulosa at the higher altitudes (Tiwari et al. 2005) .
High Elevation (1600-2100 m a.s.l., 30
• 08 52.21 N, 78
• 46 23.58 E). In this zone a hill station (Pauri town, area: 5 km 2 ) is located. It includes residential and commercial buildings, roads and other paved surfaces, and ornamental plants. There is a reserve forest area named as Nagdev reserve forest adjacent to Pauri town. The distance between forest and town varies (100-1000 m) between places.
The forest is of mixed types. Quercus leucotricophora, Rhododendron arboretum, Pinus roxburghii, Cupressus torulosa, Cedrus deodara etc. are the major tree species with abundant mosses, selaginelles and ferns in the underfloor, as well as climbing on trees with numerous bushes of Berberis asiatica and a large young patch of Q. leucotrichophora growing from abandoned crop terraces.
Mid Elevation (900-1300 m a.s.l.; 30 • 11 11.64 N, 78
• 47 01.00 E). Srikot-Khanda -a small town covering about 300 km 2 area is situated at this elevation. It has mixed vegetation including some agricultural terraces. The forest lies adjacent to the urbanized habitat at a distance of about 100-200 m. The area is dominated by Pine (Pinus roxburghii) with bushes of Lantana (Lantana camara) and a patch of Khair (Celtis australis) trees.
Low Elevation (500-900 m a.s.l.; 30 • 13 14.24 N, 78
• 46 44.52 E). The town called Srinagar is situated along the bank of the river Alaknanda. The town area is about 9.659 km 2 . The town has commercial and residential buildings, roads and paved surfaces. The forest lies about 1-2 km away from the town and mostly covered by Pine trees with scattered bushes of Lantana.
Field procedure
Field studies were carried out for three years during Jan. 2005 to Dec. 2007 using line transect method (Verner 1985) . Depending upon the accessibility, four transects were laid in each habitat types at each altitudinal zone and each transect was visited once a month. The same transects were used repeatedly during the three years. Each transect was 1 km in length and about 30 m in width to each side. Birds seen outside 30 m width to each side of the transect were not included in the study. The distance between any two transects varied from 400-1000 m. Altogether 864 transect visits [36 months × 4 transects per habitat types × 2 habitat types (forest and urbanized) × 3 altitudinal zones] were made during the study period. Birds were sampled while walking over these line-transects. The number of individuals of each bird species has also been recorded. The whole sampling was done during 06:00 AM to 11:00 AM and 16:00 PM to 19:00 PM in April to September and during 07:00 AM to 11:30 AM and 15:30 PM to 17:30 PM in October to March. The bird identification in the field was based on Grimmett et al. (2001) .
Bird species diversity (BSD) and bird species richness (BSR) were measured using Shannon's index (H ) and Margalef's index, respectively (MacArthur & MacArthur 1961; Magurran 2004 ). Sorensen's quantitative index (see Magurran 2004) was used to know the similarity among species composition at different altitudinal zones. To know extent of variation between habitat types, Beta diversity [(β = S/a), where S is the total number of species recorded and a is the average sample diversity; scale 0 (minimum β diversity) to 1 (maximum β diversity) (Whittaker 1960) ] value was obtained between habitats of each study area (low, mid and high altitudinal zones).
In the present study the species found restricted to a single habitat were termed as exclusive species and those observed less than 10 sightings per year were ranked as rare. The categorization of rare species was based on the criteria used to define rarity (Gaston 1994) .
We compared species richness between habitats and elevations using individual based rarefaction curves (Colwell et al. 2004 ). We used BioDiversity Pro software (McAleece et al. 1997 ) to generate rarefaction curves in order to determine whether the sampling effort was adequate.
Data were pooled from all altitudinal zones to calculate the relative abundance. A two-way ANOVA (between habitats and among elevations) was applied to know the species difference between forest and urban habitats along altitudinal zones and to compare species richness, species diversity, number of individuals and relative abundance of individuals between habitats and among study areas (Zar 1984) . Twoway ANOVA was also used to test for inter-seasonal differences in BSR and BSD values across study areas. Software such as Past.exe (www.nhm.ac.uk) was used for statistical analysis.
Results
Altogether 125 species of birds belonging to 40 families were recorded in both habitat types among three altitudinal zones. The total number of species was highest for the family Muscicapidae (32 species) followed by Accipitridae (nine species) and Picidae (nine species), while the two least counts [the species kalij Lophura leucomelanos (Latham, 1790) and koklass Pucracia macrolopha Lesson, 1829] belonged to the Phasianidae. The number of bird species observed at high elevation (Pauri forest and urban), mid elevation (SrikotKhanda forest and urban) and low elevation (Srinagar forest and urban) were 111 (88%), 79 (63.2%) and 73 (58.4%), respectively. Out of 111 species observed at high elevation, 66 (59.45%) were common to both habitat types, whereas 28 (25.22%) were found exclusively in the forest and the remaining 17 (15.31%) were observed in the urbanized area only. Thus, altogether 94 and 83 species were observed in forest and urban habitats of high elevation respectively. At mid elevation a total of 79 species were observed. Out of them 45 (56.96%) shared both habitats whereas 18 (22.78%) were exclusive to forest and 16 (20.25%) were exclusive to urban. Out of 73 species recorded at low elevation, 34 (46.57%) were common to both habitat types while 21 (29.05%) were exclusive to forest and 18 (24.65%) were exclusive to urbanized area.
Forest bird community was more diverse than the bird community of urbanized habitat in terms of BSD (two-way ANOVA: 3.74 vs 3.12; F = 2.89, df = 5, 35, P < 0.01) and BSR (two-way ANOVA: 12.3 vs 10.16; F = 2.35; df = 5, 35, P < 0.01). On comparing among altitudinal zones a significant higher BSD was obtained at high elevation (two-way ANOVA; 3.45 (forest) and 2.93 (urban); F = 68.36; df = 5, 35; P < 0.05) compared to mid (3.01 in forest and 2.74 in urban) and low (2.80 in forest and 2.68 in urban) elevations. Similarly the comparative analysis of BSR among altitudinal zones gave significantly higher value at high elevation (two-way ANOVA; 8.89 (forest) and 7.15 (urban); F = 139.86; df = 5, 35; P <0.05) compared to mid (5.96 in forest and 6.11 in urban) and low (4.98 in forest and 5.66 in urban). In the present study 39 rare species were observed maximum (39) at high elevation followed by 30 at mid and 24 at low elevation.
The Shannon's diversity index showed a gradient from high to low elevation in respect to both habitat types. This gradient was also examined by observing number of species and other measure of richness (i.e., rarefaction) at each elevation. The rarefaction curves (Fig. 2) reveal that the highest elevations have the highest BSR in both forest and urbanized habitats as compared to mid and low elevations. The comparison between habitats shows the rarefaction curves of forest habitats upper than the one of urbanized habitats, indicating a higher BSR, among all altitudinal zones.
A comparison of bird communities between forest and urbanized habitats revealed a great overlap/similarity in each study area (high elevation 0.74; mid elevation 0.72; low elevation 0.72). However, when bird communities were compared among altitudinal zones, the similarity index was observed higher between mid and low altitudinal zones (0.74 for forest and 0.74 for urban) rather than between high and mid (0.71 for forest and 0.73 for urban) or between high and low (0.66 and 0.65) elevations.
Relatively high beta diversity values (0.38 for forest and 0.57 for urban) were observed between high and low altitudinal zones (showing greater species variation between these two study areas) compared to between high and mid (0.28 for forest and 0.46 for urban) or between mid and low altitudinal zones (0.25 for forest and 0.23 for urban).
The three dominant species of the forest at high elevation were russet sparrow Passer rutilans Temminck, 1835, slaty headed parakeet Psittacula himalayana (Lesson, 1832) and red headed tit Aegithalos concinninus (Gould, 1855) whereas Himalayan bulbul Pycnonotus leucogenys (Gray, 1835), jungle babbler Turdoides striatus (Dumont, 1823) and streaked laughing thrush Garrulax lineatus (Vigors, 1831) were found as the most dominant species at mid and low elevation forests. In urbanized habitat, the house sparrow Passer domesticus (L., 1758) was observed as the most dominating species at all altitudinal zones. Indian myna Acridotheres tristis (L., 1766) was the second dominating species at high and low elevations but Oriental white-eye Zosterops palpebrosus (Temminck, 1824) was the second dominant species at mid elevation. Jungle babbler was the third dominant species at high elevation while it was the house crow Corvus splendens Vieillot, 1817 at mid and low elevations (Table 1) . Of 125 species, 26 shared both habitat types across all study areas (Table 2) . Among them, nine species was found to be significantly more abundant in high altitudinal zone, two at mid and two at low altitudinal zones. The remaining 13 species did not differ in abundance between habitat types or across altitudinal zones. However, seven species namely spotted dove Streptopelia chinensis (Scopoli, 1786), grey treepie Dendrocitta formosae Swinhoe, 1863, green beeeater Merops orientalis Latham, 1801, purple sunbird Nectarinia asiatica (Latham, 1790), great tit Parus major L., 1758, pied bush chat Saxicola caprata (L., 1766), and Oriental white-eye were found more abundant in urbanized area than in forest and the abundance of the five species Himalayan tree-creeper Certhia himalayana Vigors, 1832, Oriental turtle-dove Strep- topelia orientalis (Latham, 1790), jungle crow Corvus macrorhynchos Wagler, 1827, Slaty-headed parakeet and Himalyan bulbul was higher in forest habitat. Thus, the present study reveals that avian abundance can increase with urbanization. The abundance of the kalij (P. leucomelana) was highest (encounter rate = 6.5/km) at high elevation followed by mid (encounter rate = 5.56/km) and low elevations (encounter rate = 4.75/km). The other least counted species, koklass (P. macrolopha) was sighted only at high elevation and the overall encounter rate was 5.62/km walk. There was no significant difference between mean abundance values of these species across the year during the study period.
In forest habitat the BSD and BSR were maximum during summer and minimum during winter at high elevation. At mid elevation the BSD and BSR were high during summer and minimum during monsoon and at low elevation BSD and BSR were observed high during winter and low during monsoon. In urbanized habitat the BSD and BSR were observed high during summer and low during winter at high elevation. At mid elevation BSD and BSR were observed high during summer and low during monsoon. At low elevation the BSD and BSR were observed high during winter and low during monsoon (Table 3) . Seasonal difference along altitudinal zones in terms of BSD varied significantly in forest (F = 6.38; df = 2, 35; P < 0.05) and urbanized habitats (F = 4.13, df = 2, 35, P < 0.05). The difference in terms of BSR was found significant in forest (F = 4.93, df = 2, 35, P < 0.05) only.
Altitudinal migration of some forest species, small minivet Pericrocotus cinnamomeus (L., 1766), Indian tree-pie Dendrocitta vagabunda (Latham, 1790), Indian cuckoo Cuculus micropterus Gould, 1838, black drongo Dicrurus macrocercus Vieillot, 1817, little pied flycatcher Ficedula westermanni (Sharpe, 1888), greyheaded flycatcher Culicicapa ceylonensis (Swainson, 1820), grey-backed shrike Lanius tephronotus (Vigors, 1831) and urbanized species Certhia himalayana, Rufous-backed shrike Lanius schach L., 1758, verditer flycatcher Eumyias thalassina (Swainson, 1838), redrumped swallow Hirundo daurica L., 1771, Lanius tephronotus and the presence of two winter visitors, greater spotted eagle Aquila clanga Pallas, 1811 and steppe eagle Aquila nipalensis Hodgson, 1833, and three summer visitors Asian brown flycatcher Muscicapa dauurica Pallas, 1811, Eumyias thalassina, Asian paradiseflycatcher Terpsiphone paradisi (L., 1758) were noticed in the study area causing seasonal fluctuations in the abundance of birds in the study area.
Discussion
The findings of this study revealed diverse populations of birds along altitudinal gradient and habitat types in the study area. The distribution of bird species and the diversity indices were observed higher at high elevation than at mid and low elevation irrespective of habitat types. In other words, there was an increase in BSD and BSR with increasing elevation in both forest and urbanized habitats with peak values at 1600-2100 m a.s.l. (highest elevation study area). The pattern of the avian community of the present study varies from that reported by many previous studies conducted on bird species richness along altitudinal gradients mostly in temperate regions. Most such studies have found the highest species richness at low elevation such as in rain forest of eastern Andes Peru (Terborgh 1971; Terborgh & Weske 1975) or mid elevation such as in Peruvian Andes (Rahbek 1995 (Rahbek , 2005 , Madagascan rain forest (Colwell & Lees 2000) , Bolwian Andes South American Forest (Kessler et al. 2001) , Columbian Andes forest (Kattan & Franco 2004) , urban/subtropical to subarctic forest in Taiwan (Lee et al. 2004; Ding et al. 2005) . In the present study the higher BSD and BSR observed in high altitude areas may be connected to the higher plant diversity. Contrary to low and mid elevations the forest of high elevation is of mixed types which appear to support the presence of insects and other food resources in good amount to sustain the high BSD in the forest. Terborgh (1977) suggested that habitat complexity increases microhabitat availability for insects, which in turn increases their diversity and abundance, ultimately increasing the diversity and population of birds. However, further investigations are required to understand whether these patterns of altitudinal distribution are conformed to the structural or botanical classification of vegetation variation with altitude. According to Lomolino (2001) species richness at local and regional scales in altitudinal gradients is the result of the interplay of a variety of factors. But there is no reason to expect a single pattern in the altitudinal gradient of species richness across regions, spatial scales and taxa (Rahbek 1997) .
The most dominant species in forest habitat varies along altitudinal zones but it is interesting to note that house sparrow was found dominating in urbanized habitat in all altitudinal zones of the study area. P. domesticus was obtained as the dominant bird species in urbanized habitat in some other studies in USA and Finland (Blair 1996; Jokimaki et al. 2002) also. However, recently it has been noted that there is decline in population of P. domesticus in urbanized habitats of many European countries (Siriwardena et al. 1998; SummersSmith 2003; Peach et al. 2006; Chamberlain et al. 2007 ). Sighting of P. domesticus as a dominant species in the urbanized area of the study site is a good sign. It could be argued that the availability of easier or more nesting sites in the form of old traditional houses in the study area is accountable for the high density of house sparrow while food limitation has been suggested as being responsible for decrease in house sparrow population in European big cities (Hole et al. 2002) .
The comparison between habitat types has shown that the forest has higher bird diversity than urbanized area at all altitudes, which is natural and such observations have been made by a number of other workers especially in temperate zones (Karr 1976; Weins 1989; Cody 2001) . In other words, lower species diversity in urbanized area may be attributed to the fact that the vegetation structure supports the bird community in the forest habitat.
The study also showed that the composition and relative abundance of species were different among altitudinal zones. Because elevation affects the condition of the physical environment and the kinds and amounts of resources available for breeding and foraging activities, the composition and structure of bird community may change accordingly (Able & Noon 1976; Cody 1981; Stevens 1992) .
In most studies urbanization has been shown to cause low BSR and BSD (Emlen 1974; Aldrich & Coffin 1980; Bessinger & Osborne 1982) . But in the present study it is interesting to note that although there was overall decrease in the BSR and BSD values in urbanized habitat, the relative abundance of seven bird species was higher in urbanized habitat compared to the forest habitat. Some other studies (Jokimaki et al. 1996; Huhtalo & Jarvinen 1977; Clergeau et al. 1998) conducted in European areas also demonstrated that although urbanization decreases the BSD and BSR, it can increase the abundance of some bird species. A comparative study of avifauna structures of urban and forest habitats have hardly been documented in the Indian subcontinent and old tropical countries (Bhatt & Joshi 2011) and hence comparison of present findings with other study areas may not be possible. However, the findings of the present study are interesting that despite disturbance (in the form of modification, alterations or developmental works) the urbanized habitat supports a good number of avifauna (99 species).
The BSD and BSR of the study area also showed seasonal variation along altitudinal zones. Altitudinal migration as a result of seasonal change in weather conditions was noticed as a contributing factor in seasonal fluctuation in the study area. An increased BSD was observed at mid and low elevation during winter as the birds migrate from the higher altitude towards these elevations due to extreme weather conditions during win-ter at high elevation. Apart from weather, the seasonal changes in BSD and BSR could also be caused by fluctuations in resource availability (Loiselle & Blake 1991; Kai & Corlett 2002; Hulbert & Haskell 2003; Norris & Marra 2007) . Many observations carried out by different ornithologists showed that there is seasonal bird migration along and across the Himalaya (Grimmett et al. 1998) . It has also been observed that the impact of environmental factors such as variation in temperature and intensity of rain (Karr 1976; Terborgh 1977; Vazquez & Givnish 1998) which might also cause the seasonal movements of birds within and between habitats (Perrins & Birkhead 1983; Loiselle & Blake 1991; Norirs & Marra 2007) . It may therefore be argued that in the present study the seasons also contribute to cause variations in BSD and BSR along altitudinal gradient.
Our results presented here from a remote study area in the Western Himalaya are preliminary. To improve our understanding of how birds respond to urbanization we need to work further, organizing comprehensive programs to monitor biodiversity along foresturban gradient in the Indian subcontinent in general and in the Himalayan region (identified as one of the biodiversity hotspots of the world) in particular. In addition, focusing biodiversity research on those areas where relatively little is known, but predictably large impacts of future developments are likely to occur, will make data relevant for future planning decision.
